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The (Vice)President's Corner 


Another Dayiin Hyamyention has core wnd gone, and once gain TAPR 
ws present ith fice. We fad lots of traffic at the booth, aml lots of interest 
in hoth our old and our new products. The TAPR Digital Forum on Friday 
was well altended, wad at the TAPRUMVEMA Packer*BASIT on Friday 
evening nearly 10) attendees heard Comunander Chas Richard, W4HFZ. 
give ct tromenidows presentation about his stint as captain of Naval Research 
Submarine NR-t and how he used anrateur radio technology to bring the 
Internet to the crew of this Unique craft 


Changes at TAPR 
Tih talk a tittle later abou! some of the exciting new products TAPR his 
in the warks, but first | have some organizational nicws. 


Grex Jones, WDS1VD, hus deciled to resize as President of TAPR. 
effective May 18. 24K) Greg hay Soca President since (992, and was a 
Bowrd meniber urd officer long before that. His positive influcnce on 
TAPE has been immense, TAPR has heen fortunate in having tremendous 
leadership aver the years, and Greg's tun work wnd dedication have been 
the driving force behind TALK throughiibe “90s, Is simply impossible to 


Look for TAPR at these Upcoming Events 


Sept 22, 2000 Annual Board of Directors Meating, Orlando, FL. 


Sept. 22-24, 2000 ARRL & TAPR Digital Communication Conference 
Orlando, Florida 


Sept. 23, 2000 


Annual Membership Mesting; Orlando, Florida 
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President's Comer, continued... 
overstate how much we owe View Grey is Gmeting op 
is PRD dissenation, and is also getting tnimel thy 
wimmer. He's undcrstandably decided that be veeds to 
Shift his aicnnon from LAPR to concentrate an) his real 
iife fora while. Gree has agreed fo remain on the Board, 


uri! we're all looking forward fo his continuing suppare 


We normally eleer TAMOCS officers at dw Annual 
Bowrd Mecting, held cach fll in conjunction with the 
Digi) Communications Conference (see elaewhere in 
this inde for mone details). Rather Han dleck an miler 
Vrosldent now, the Board has decided ro use tie ext tew 
months to analyze our operations and decide on a 
diatribution of the Minny eneks that Greg juggled, 


As Vieo President Pil be aoting as ‘TAPR's Tnteeiin 
louder tiitil this fall, Gur Board members will all be 
chipping in to ehsuro wo Continue serviods to our 
members. Ty particular, Steve Bible, N7TMPR. will be 
working With me wo develop a plan for the Boord to 
redealga TAMR') processes to better distribute the 
workload Steve Will olso be (AN iA GH The overall praider 
iumagement function tor our kus and projects. ‘I'he 
TAPR office Wil continue Lx epornte a6 NorMUl: the phone 
nunjher, wldress atid office hours will remain the sane, 


Volunteers Needed 

AlihOuph tnany whings ore uncertaln, One hinge fan't: 
now mire iho ever, TAPR heeds your siippon. We'n 
foking far (ithe wiki want to pet involved with she 
ofpanizition ine significant way. TF you re interested in 
Vvenuatedring. We'd Love (0 hear fron yon, The available 
Jobe range from daunting Oimyone interested tn eine 
TAPR's swelyanter !! co tore Die-sizetl 


Pleqan Qnniet me (vue Qe org) if you're intcresicd 
wm voluatcenng, And, the obler of the webmusicr spogtan I 
a joke -~ we're fucking Tor someane with the skil), 
dedication. and tume tw muke a uve consibulton to the 
CG FRARON Dy Tinagireg Ww w tape orp_ 


Project News 

We're about () ship an caciting new kit -~ the T-234, 
which is an AVES-cupuhle wealher stapen controller (hit 
uses the Dallas Seynmeunduewir ~|-Wire” newwork. This 
project, developed by Will Bowls, NOXGA and Kuys 
Chadwick RROPVS was a onze Wormer in Cirsedt Collar 
Magazines recent design contest, and Was luiured on the 
cover of the May 2000 istue of that muzacine- 

The 1-238 is U singhkeboad kit chit interfaces with 
various wenller sensors uvailuble Trea) Dallas 
Senmiicondiyecror and outputs weather dai to an LCD 
display of tos computer, More interesting, il hus & serial 
nutpul that "spewks" APRS and can be plugged directly 
into uw TNC. ‘This provicles ihe ability to put an APRS 
weather stutien) on the dit witheut needing 4 enenpiter 
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Tele ite Copyrtity © Mh Tocton Amatour Packer Redlo 
Cie. Che uttineie Pee He mnt ie 00 to repr 
Ue my suede (ae pipe ure here for sor conmmnercsal Asnaneur pull: 
CON (pe bed Let Coplllt  gevee ty Oh the full acel TPR, long 
wok Wi LAR DhO ae (04 MO), Other reproducaion fy 
SORT HollOut eeltTGgn Goin New Ff 

Tiger eepeestert ere three nf dhe eathore md noe ncoreparity dose 
OF TAFE the Nisan of Tere ore, CM cen, of the Edinor. al 
sven Hees oot one titie eeelorsemens, ty TAPR, of the products 
avetine’, APIS erected jo Bo Daevings, WRAAPR 
MICE 6 a ytngenee® of Bob Briniann, WEAPR 

Poatenusier: Seneh wilrewe lcinges ter TAP FLO. Tw $1114 Denton, 
OX. FOZ INE Marten Sous Aoi (GSN 1D5SL3A2A, BPR OS 
414; ee mublivkel quarterly hy the Tacs deniieur Pucket Radio Cono- 
ratl(it, IM1K Relgeerest, Qerews, TX F625 Menihership in Tucson 
Ayjubeur oeke Baie mulling o subser|pisue du Parker Stoner Regierer, 
SQ per Meare rhe US _undl prheenetiis OP Whig $12 OD is allaculed 
ww Make Sie Neeier Mieiwberstiay be SIO yy Coeds diel Mesiow, 
did STS 00 ehewher. payalie i US, tency Mormbershty aid Morehead 
7 Hewiter canna he yecamed Fenocral postage guid ar Denton, 


PSR Editor: 
Hob Hansen, NIOGE 
Trench par di aprarg 
Advertishig: 
Chine he TAPR arvide. 
TAPER OMceme 
President 
Vice President 
Secretary 
Treasurer 


open 

John Ackermann, NOUR 
Bob Hingen, N2GDE 
Jim Neely, WASLHS 


PATE Mosetk if Difewdlaress 
id . 


Term internet 

dohm Ackermann, WSUR 2007 nBur@tepr.orp 
Barry McLarnon, VEIJF 2001 wedjl@tupr.org 
Doug McKinney. KCSRL 92009 ke3riGtapr.arg 
Stave Bible, H7HPR 2002 nvhpr@tepr.org 
Sob Hansen. NIGOE 2002) « n2gdeG@taprorg 
Stevo Dimas, KANG 2002 kéhg@tapr.org 
Greg dones, WOSIVD 2003 weSivdgteprorg 
John Kastes, WSDDD 2002 widdd@tapr.org 
Mol Whitton, KOPFX 2003 kOpfxdftapr.org 


Date le expiration of tarm on Goard of Diractors- 

‘Tle Fanta Anteniiet Packet Ratko Citperratina & 2 1dp-prufil sere 
Abie een COeR a Ieee QD eT Oeepy rites [Seti SOlfews ot ue S 
few wetel, CumieibuliGhelde Goduetlole to Inve ealent alhrmedt ty bt) 5 lm 
how FARK oe afiGheed it ft Stee AF Anzicu fre ie pore of 
ihesugniing wend derehapsng Gay syulone Fie digital rahe conermunical cut 
fn ihe Aviealwut Radi SEr ree ie Mf diecenaiing InFemmeliun myuied 
Lorry, ated otra (OM, sect neveance 


Ariigle sabentviis deulines fer upournlig lypues: 
Fall 2000 Septamber 15, 2000 
Winter 2000 December 15, 2000 
‘Spring 2001 March $5, 2001 
Summar 2001 June 15, 2001 


Submission Guildelinas: 

TAI Ve alwnys Ineerestett ie Atdey yee eaforrterlom gerd articles far 
Wuhteulion, LF you hows lei Tie ui article you would file 19 sm ee 
YOu or aaicoie HOKU Kream, Ih lbigge-scretiiag chat would inueregt dlighal 
HUN ORTON. please COMI tie edinng wo thar Your Work can be whured 
Wilh (he Anatgue connmuntty, 


(he reformed Tari Me aides te olan ASC text; he prefered 
pewlillec FOriais OF BPG Lor POs, Howeres, we dan accept many papular 
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Thanks to TAPR’s agreement with The Danidin 


attached -- ihe T2358. & TNC, and @ tadio ave the only 
items Needles, 


The T-238 should he shipping hy the time yaw road this, 
wea price of $134.00 (3120.60 fiw TAPR members). 
Cheek the TAP Web site for funher updates More 
information on the T-238 tan be found a 
www bealsS,coin/wa/ and 
www, taprong/tapr/hral/ Pt 98, frenit 


Not quite 2+ elose at hand, bur detinitely on the wuy, is 
N7HIIC TasyTrak eouw innerface. This is amuthor 
PIC. bese! project. bul 4's perhaps ihe most advanced one 
We've Aten yer. Sieve lias programed @ bowty PIC ro 
provide al) the functions of a conmputer-(e-rotor interface 
that can control azimuth ung clevation rators as well us 
une the radia Stove Wil he predenting « paper and 
demonstrating the EnsyTrubk ut Sepreinher’s DOC and the 
Annual AMSAT njcoriig in October 


In anther cxample of the synerey herween TAPR 
ActiVities, the Sproul Barthers have arewity shows haw 
WinAPRS can comrol the Busylrak 1 aie antenme vt 
ay APRS vbjcct. You'll be whle 20 click om @ Staton im 
WintAPRS wnd lave the antennan track i as It onives. 
Think ghout cracking @ balloon laungh with Sigh-sain 
yugre... the GI"S on ihe bulloon tramcnity currcat pesityon 
lay viv APRS, aml WioAPRS uses that 10 fest tho 
CasyTrak, which keeps the anienna trained on the 
buliogn, “Wat cure boats manually aiming 2 litho 
yael for a few hens! 


if HanVention is any evidence, TAPR's current 
products gonrinuc te fe popular ‘The Various GIS 
mierfiwe bourds. “INC weessones, ail publioations all 
oki well, And. os nie ovidence of APRS's popularity, 
GPS antennas fast ubour flew ofl the able. 


The FHSS Radio Project 

Perhaps the most frequently heard question 
around the TAPR booth at HumVention (apart 
from “How're you going to haul THAT 
home?") was "What's the stutus of the Spread 
Spectrum Radio project?” Although | wish I 
could tell you that we're just about ready \s 
ship, unfortunately (at's not the case. The bai! 
news is thal one of the compunent 
manufacturers disconnnued virtually all of the 
chips, including some “nothing-else-docs-this” 
ICs, on one of the two boards in the radio, That 
required a massive redesign and cost us months 
of progress. 

The good news is that the redesign is now 
complete and the new prototype boards are 
getting ready for testing and debugging. 


Group, we have the engineering taleat und other 
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negyources availble topush the project ahead, and the team 
iY opthavintie that the worvt isover. f hope thar hy the next 
PSR, we'll bg able ti ce pert slenificunt progress. 


Thanking Another Jones 

Greg jan't the only Jones rexponsible for TAPR's 
suUCdess HvET the Last few yoars. 1d) Hike to ke a minute 
now Ww Uuink TAPR’s wunsutiz Nergme, Darcthy Tones, 
KRASDWR: Dorothy ring the TAPR office and spends 
two exiuusting weekends fend boty of preparation time 
before the =venes} each year making sure that we're ready 
for dukiness at Mam Vennon and the DCC. She is the 
tclephone vyice of TAPR, and she works harder behind 
the seenes than We live ery Tight lo expect, On behalf 
of the Sourd, f want to give her a bie THANK YOU for 
Ai] hor dedyastuin, and especeally her good humor as she 
puuiernily desks uh friendly callers, gruinpy callers. 
BRO Ve suppiicts, and — mo difficull of all -- 
TAPR Boord members, TARR members appreciate her 
On Well, as judged by the speniarcoys applause she 
reveived when her name was mentioned at the "99 
HumVenuan TAPR Digital Forum, Dorothy, we love 
yan! -- 73, John NSUR 


An Enclosure for the TAPR PIC-E 


Steven Litle, M7HPR 
seve: Tyr tape ory 


The TAPR PIC-E was denipned to fit inside the Radio 
Shack project. cuse with ¥ volt halvery compartment (RS 
270-213). Teds available ot Ruitio Shack stores und it is 
hot 2 special order ite. The enclosure measures 3 5/8" 
x3 4" | UE and com URS5.59 (1999 Calulog), It 


comes with a S-vole tettery clip. (he PIC-E sun operate 
from w 9-voll Battery? 


The enclosure has three mounting hiles that the PIC-E 
fits Fate. Yiu will need to owt the sides of dhe enclosure 
us allow the RESS and D5-9 connectors to protruile 1 
usd 4 shurp X-acto knife, Take heed/and dé nut cut 
yournelf, muke cenain fo cut away from your body? 


Template 

I've sketched a template did Converted it to PDP 
formar. LAvailable online at 
ww wilaprorg/-nThpr/pre-e/endMindes hint) When you 
print it our ftmay nor be to scale. J puts 1” scale on the 
templatc, Use a rulct to chogk Mot the template did mat 
expand or shank. T'll attempt to draft a more accurate 
template and post it. 


Wrap the template around the enclosure Une the feet 
oni the bottom Nall of the enclosure for reference, Then 
mark the curoutholes [the templated mali scale, yer 
can place your PIC-E.u) the Dolla Of the case anal raek 
where dhe RJ-45 ond DG-9 conindctors (eet Ure cue. You 
can sturt cutting: (he cust here and frequently cheuk your 
work by test Hiling the PIC-T in the ouse When you 
finish the bottom cause cut out, suit on the top using the 
some proceedure. 


Battery Power 

You con pawer (he PIC-E from u 9-volt buttery. Solder 
the 9-volt battery clip that comes with the project bux a 
BI onthe PIC-E, Pay attention to polarity. red is "=" anil 
black is =", Bettcr yor, solder in place a polunyed 
2-conductor plug and jack so.you oun remove (he PIC-E 
frown the case if 


Switches 

Ti is ap in you to decide how you Want the switehcy and 
LEDs ty prowude fromthe case. The evalontion PIC-E 
came with mini-sdide switches. ‘The production PIC-E 
comes with mini-towwle switches. The togele switches 
will sack out i the cise. All you have to do ts cur two 
slots in the ent of the cane. If you want to ceplace the 
mint-shide switvhes will iini-togcle switches, you can 
order them from Jameca (PAN TDQ007) 


LEDs 

You cau sunt the LEDs ats 90 degree angle anid cur 
holes in the end of the casc, Another pessiblily m1 onider 
the LEDs such thalthey éxtend up through the «jp of ite 
case, The benefit of dis method is (hat. you can easily see 
the LEDs anil Juhel deir Functions. 


Lan always mvestigaling sew and beller ways tu 
enwlose TAPR projects. Ifyou have an idea, or cummient, 
please share them wilh the PIC SIG zroup or cami! me al 
n7hpr@taprorc. 


Foor & 
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The Role of Amateur Radio in the New 
Century 


Dale N. Hatfleld CWOIFO) 
Chief, Office on Engineering und Technology 
Fedleryt Communications Commission 


{As Prepared for Delivery at AMRAD 's 25th Anniversary 
Dinner, Fully Church: VA, Sune 17, 2000] 


Thank sve very much for the nice introduction, 


Tain very pleased ty he able wy speuk to you this evening 
On Me Rope Of (he cole Of amuteur mdio mm the mew 
century. bait very pleased to be here for a number of 
PASO, 


Fiest, Lam very pleased because it is both your 25th 
\iniversary and your first anniversary dinner held in the 
new century. ‘That seems like a particularly good time to 
reflect on Whe fulure of the aniateur rail service and Tam 
flattened that you have asked eto dasa. 


Sedond, | att very pleased because [ have especially 
fond shouclite alkout ie service because of the pivinal role 
Hhat armufeur midi & and midividusl amnatesr opersiors -~ 
Harn = played inmy awit career. As I willexptain in more 
detuil i donee, | would not be womy current position 
iit had ni been fur the help af some hums buck when I 
wus a (eenaper ubout SO yeurs apo. 


Thin, 7 regard it as 4 poriculur hiner to be asked to 
vildresxs an ummieur radia group that emphasizes 
ekpenimeniatinn and the mure technical aspects of 
amiucur radio. Agiin, 4s T wilt indlicatein mare ihetail in 
# few minules, | believe thal esyverimentation and 
contnibunons to (he stare ofthe wrt in the racine (Held are a 
Major part of the yosiifieation fur Maintaining spectrum 
allocations for the service in the Mave of increased 
demands by commerciul und ufher rmietesis, 


Lwould like to divide the romuinder at my remarks tnt 
hve parts. 


First, J will Briefly -~ very briefly — talk about, my 
personal involvement in amatcur radio, Second, T will 
hwielly desoribe rhe role of the Offive on Gngincenag and 
Technoloey atthe Federal Communicuuons Commission 
so that you will have a better idea of the basis for my 
remurks. Third. speaking from that perspective, Twilbtalk 
about the crowing scurcily — and hence econdniic yaluc 
— oF the radio spcornun and hw that growing scarcity 
will inevitably pur pressure on aileur allocations, 

Fourth, | will tlk dtrout the fportanr role that the 
amateur radio service hus pluyed in the past and -- going 
to the basic topic | hive foen asked to address -- what the 
amateur service cun do Ww in the fiurure co justify its 
spectnim allocitivins on hoth a national and intemational 
hasns, 
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Fitts, and finally, ¢ will tak about a proceedins we 
recently Iwwochod at the Commission 0 9 prockeding 
dealing with Software Defined Ruchos. Before t oontinue, 
T peed! to wtld the standard disclaimer (hat my reniarks bere 
thik evening represent my own views sind they (way not 
necessunly reflect the views af Ihe Commmlasion, any 
individual Commissioner, or any athe stuff meiiber 


Background in Amateur Radio 

My sove involvement in oinuteur polio bogan Tn iy 
curly teens, when my father bought me a used 
Visihierallers S-38B shonwave receiver. Ho and hes 
brother — my uncle — hud tinkered with erystul Sts when 
they were kids aml he sumohow sensed that T mighr find 
radio juleresting us well. connected that receiver to piece 
of anand. wire huny out of my bedroun winlow and 
soon L heard 2 heavy padi operutor in Moroes cull: OD 
10 the 20 meter aiddele Mt. From shat rcineny T wis 
hooked on radi) corermunications. 


Tun locwl hems wild lived pear ie — us was in 
Ohi tn the curly 19505 helped me pet my first 
license (WNANGG) and helpod me tuild my five 
reinsiniller. These lwo hams were cleedical engineers that 
Were suipliyed al Wrght-Panerson Ainfore Mase ncar 
Dayton, fi wwe there interes: that led me into clecincul 
enuineerinige #4 VoOodnON and ultimately te « job atthe 
government's old Central Radio Propugotion Laboratoty 
in Boulder Colordde. ! Wan't bore you with the detat}e, 
but that firwt, enery-level sot) eventually led me te (he 
position f hold today, Aganrdingly, ! will forever he imeha 
debt of those two hatfis Wha mw) onxelfiehly supported niy 
passion fie maetivy 


Role of the Office of Engineering ond 
Technology 

Ax mukrol you mayknow, the AUC ls ara zed ne 
Surcavs and Offiecs, Goncrally spedAin the bureaus. — 
the Common Carner Barcou. the Wireless 
Telccommunicwtions Bureau, che Mase Melia Buyeuny 
the Cable Services Bureau, arab the liernuiional Rurcau 
— have dle “ne er Operating reqponability in terms of 
the Commission’ <fegulation of puricularsegmenys ofthe 
teltcormmuniodions imdustty. For esanple, fee Wireless 
Telequinmuiications Turcau + umler the sacellint 
Jendership Of my colleague, Tom Struc -- hav the 
respons/itity for ihe Amatour Radio Service Tho offices 
= suchas the Office of the Gencral Counsel aid the Office 
of Plansand Policy provide support and adVice tn the 
operauitg bureaus and co the tive Inember Comuriinaion 
itsel 


Reflecting that rough division, the office that | now 
head. the Ortice of Engineering and Technology, 
provides lethitica! advice co other bureaus and officer ari 
to the Chuirniate ed other Comaiesioners. Ua addution, 
however aur alfice has he rexpomatbility for 
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BON lsterinw Specific parts of te Commission's rules, 
rwilely, Maris 2,5, 05, and 18 Part 2 of the niles contains 
the Fale of Frequency Allocations, That is, white the 
fndividual hurwdus have primary responsybility for 
developing del recoramending specie vervice niles, we, 
in ORT, lave the reeponsibility for yenenil wlfocadon 
rautlers, We dieu issue ea perimental ligenses under Part 5 
of the Comrninsion’s rules, In addition, we administer 
Par) (5 of ihe Comimission's cules dealing with 
unlicensed devices ak well ay Part 18, which deals with 
eeriild Mdustrral, suenific and médical equipment, 
Finally. we are responkible tor the Commission's 
equipment Tuthorzalion program Muoh of that werk js 
thone at OF laboratory ductile: wn Lautcl, Maryland. 


Growing Demand for Spectrum 

‘Lie Monopement OF (he cadid Speck un reswuroe is an 
ckttentely iinporiunt part of tclecommunications policy 
and /egululion As yuu all hadw ao Well, radiv spectrum 
is ai ucreasing ly scurce natural resource. We imply do 
NO! ere eutmph specirim (9 give cveryone all they want, 
‘This increas, Hemant iv being propelled by a hoat of 
dow cloprne nits 


the arowitie alll al dur-cconomy towards the service 
ely, the merensing mobility of ous Workferne, the 
convenieme und increwscd cficioucy produced by 
mobile/porteble commoniemtlone the inereasing 
perfonnaice anil falling coct of wireless devices the 
WeNMusiny requirements for publicesafery dnd for natienul 
detenne ny seria, arnt the dramatically growing interest in 
accesome the Internet on a wireless basis. Hence, the 
ullacatin of spectnum For particular uses and the 
development of apecliic seclmical aml service rules 
governing (how! allocetions If a crucial detersninunt of 
tclecommunicatons tndustty structure and performunce, 
Fain mhore impomunly, fe ps.0fihgal to dhe performance 
nur publes enarumions mt arc devoted lo certain 
acremific prrsilts, seh we radio astronomy, to the safety 
of iife ural property. and to themuondl defense. 


As the offige at the Gomorission hur hus primary 
responsibility for speciouin allocaltOn mutters, we, in 
ORT, are inv feeticularly Good spot to judge — first hand 
— the increasing demand for spectrum. Our office ix 
generally ine first place peaple stag when they are seeking 
new spectrum. Hardly a week cage by wilhul Aomeune 
opie inceny office or Aline a pefition asking that 
spectrin be allicwial lar some ew xervice or that 
addi Lions! xpectruns he ullgcated ty ai existing: service, 
While increased efficiciey in the ue of kpectrum —- 
Ibrough dhe use of disitul compressa Leghiniques, sine 
efficient nodulation and greater frequency reuxe, for 
exaiple - cul) offset same Of this increased demand, 
licreured Acarcity a Very real concer. This acarcily i 
exemplified by increasingly Gdilentious dehales over 
speciran) sharing arranpements and by the annunts tid 
Pace = 


in auctions tor radio Heenses, The SA5 frillivre toed us the 
recent Third Generution Cellular suctions Ww the Coited 
Kingdom provides very clear evidence of the inerenaing 
vulue of spectrum. 


ur Cliainnan -- KOC Chairmun, Bill Kennard - has 
recently culled altertion to the potential (he 4 “pectin 
drought”, especially in the sulushle range telow about 3 
Cithe. Under the lemderstip of the Chairman, and with 
aolid suppor of Commissinner Susi Ness — who ime 
always been intensely intcrented in Apectrum tasucs, wo 
have put forth a number of prapesdls ond Uidertaken a 
nurniher oF tnithatives that would allow more uses and 
uners ofthis notional and Tnleraticurl pesouree, Ono of 
these initiatives relutes to Soliware Detined Buchs — a 
fuplc whick | will rogumn to tiefly near the end of my 
remurks. Mie potit har | want lo emphasize hore, 
hiwewer, i thar, in thinking alinut the role of Ariiterir 
Rantiy ot Ue few ccntury, we must. ihink abour it pr the 
SOMES Lali ereaslng Dideptre on Iheuudes/ly lig spoolnun 
rmnuree. ? 


Future of the Amateur Service 

Tura now fy the future, it seems tome that d eiven 
the Increased pressure on the vinderlyiny resiurce fren 
soiterciol and ofhyr mun-copumercial wey = (he key 
Veiue Tog the SISMCHT service 16 MAINO Wess bi ai 
adequate enount cf spectram. Leome make i abeniutely 
Clear tat, io raysing the Apectrupy isitie, Tam oor 
sugyestires that there any Neinedinte sire Ww cabduie 
AMatcdrdlwions | im simply peveding cul fre reality 
Of the situaiin The mipidly growing decried fir 
wyecttuin coupled witht te incramed vpueility of ite 
CUOnOmic value did 10 sacle Kos ft alrite ible 
that uemaieurs will be amber a cermsta orrmiurth of peste 
10 Jt thee “roc” Uys of chis procpa resnunce 


In the pasi, the amitcur service haw yuntilied it 
speorum wile ations by, amung oiler Ways, (1) engaging 
i experimentation that huy advanced the radiv 
ylute-of-the-wrl, (2) providing Cmergene) 
commanicanions in tines Of natural or oran-tnade 
Cyausters, (3) proviling trained etiqhis operators [i Howes al 
National emervencies, (4) encvuruging Incernatlcnul 
couperalion und puodwill by wllowing direct 
LoOMMInicahonS DetWeen and amung people on an 
tnterrainvpat tasty ant (5) on i my Cove, providing fin 
IMportunt evlucational Oultel for pooply IMerested in the 
more toghnical uapects of nalia communtculions. While 
the relive importince of some of thee ways tia 
obviously chunged becwuse of markeipluce, teelinologwiul 
aid other ievelopnwnis, they ronatn Valle today. The 
important thing is thar they actully be qurned oul, Or, in 
uve & DIL OT shies. fe Scemes Lu Mme drat it will he even more 
imparrtant for all segments of (he amateur comeyunily (9 
“walk the Walk! rot just “talk the talk," 


Oy yes 
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Another potonnully tnprrtant area deals with ty 
efficiently une wees the xpectrunt, We could probably 
discuss ag some length the pruper (easure OT specie 
efficiency bul fur eur purposes here iis evening itm 
be slinply the number iif simultaneous Conversations Us 
OM) be proormmmaluied (nO given amount of specenun 
u particular pevitraplic area in the commercial <cer 
Where drgani7ations paw for their uve of (ie speci 
there te = significant economic incentive W use + 
rewnurce etfictenely 0 10 spall Casts over os niuny 
is possrble while malnraming good uulity kervice. Thal 
is, ere ih a stro MOVE To develop ant ace mere 
ypeclrally efficient technology, For exumple hy adopting 
various sipital tochniquys, summercal mobile rod 
service providers (e.g., ocllutur and PCS) have been ab 
ty dramatically imorcand their capacity conipared to the 
wring! wnalés technology. Svmilarly when the broadcast 
inilustry has comploroyt its travsiticr to digital television. 
we will be able (6 reclaim & sabscantinl amount of 
APECU MM Tor other Ukes. 


bvegoeriae hat, in (hee post, (ils Meeve whee onkoptea! 
nine kpectrally eMicient echnelogies 0 Ror example Fy 
mbsrariige thoi deowhle-r che buared mega letuele revel heel teuy te 
single-sidctend modulation and, moce recently, by 
Shitting We Mor: Meret aodueition for wet O TTY u 
niodes, f would ure Vou to connipue shifiite wiwards 
HS Geena elhaeut ConNTUTICNS levlniques 0 
caporiuily Higeal iechitigucs, Such p khifL has a number 
it beets: 


Fire of all oo donneestiace 2H piper aga and 
frgrelefor> thal you are guse wewards of the public-Es 
OUMHAes even Whol direct ehogomid teentives, 
Second, by uxing what you huve efficiently. it strengthens 
OUT OMe when you Newt Ir ask Cow additionul speciran, 
Thed, by dinwiny more seers ft uecess the avytlible 
allocations sinoullantously, MH Unproves the \meteur 
expeticnce uml ullimatcly bacrouxes the atiractivences of 
the eorvigy to new and old Users alike Fourth, it priviles 
lig Opportunity or "headroom" lor increntes imdate mutes 
He ne Closely malel thow vynilable dn wireline 
tetworks wed. in ihe future, on comunercuil wireless 
merworks wa well, Pith, aw the resr OF ahe 
lelecoinuaentiines World makes the teonstion to vdigisl 
fechas Th wud thevo OM Very few oxcopalims tir that 
(emi G the armeueur service wil) look antiquated ifirarnee 
moking prognoss mn that diroetivun as well So louwkines to 
ihe Cuiure of the anuteut radio serviced In the new cenieey, 
Towrnuld ufge Vou Gy 2ontinpe yiwe Uaditional nile i 
public service by being prepured for und providing 
Lannnjunaitins id tines of emerzencin. conducting 
Caperiinents, providing timing in radio commurnicvulions, 
aryl encdurnging intemiational comity, Buel would alse 
Ure you $0 focus purticulir uitemtini — for the reusans | 
just mentioned — vo exporimeniation with ligital 
techniyies thar are cuyuble of suecxing more “hi per 
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Zoos per Merie of bandwidth” olf OF We iereusingly 
Valuable railig spectrum resource 


Software Detined Radios 

1 ain rapidly renning out of rime but befiine } chmod 
would he ta talk about ne acdlitvonal topic dat, 05 it turns. 
pot, may help enable sume of ihe capemmentation with 
digtal that | just ailvacued The at 
menfioned al the oulset oF rniy rermurks, 12 Software Defined 
Radios. Software defined radio. ~ or software padins ox 
software progranunable radios as Giry are sometirnes culled 
~~ Can be dascribad as radii thu are Implonicn iid I digital 
Signal preoessors Wilh funcluns defined msoftware, Inother 
words the signals are. generated 1 — oronnvered to = thie 
dizité) format and the Pepessury Prowessing — for cxample, 
modulation and demodulation ~ is done mi sifware an A 
vommun platform 


From what i hove been told such radios cud haves host 
oF Advantages; 


One, they would allow a conurirtnhe (oO dccommodare 
a host oF diferent wlindardy and thereby help alleviate some 
of che problems that we love hui with tho eroaution of 
WAiTeve sit staridurcdys in ihe wirelewn Heel, 


Two, they would faoilitate interoperability anong 
different types of radia systems, whelr for exanyples ad lange 
huinber of different émerpency guys unive wl (he seene of 
a major dlanater 


Three, Chey woul! allow a manulacurer to develop 
iTecent redrim boron # common hardware platforn, fnother 
words, mulher far miinifacuirc aad carry im inventory 
sever diffrent radios, the maniufucturer coold wehleve 
economics of scale in the production of scomnvoo hardwase 
platform, but walt enti the product i= about te be alupped 
before tomding the software togreate aapetific type atdeyice. 


Four, they would allow the end user 00 update lis wt her 
railin simply hy peuing a sottware update ~ just like an ened 
user gets uplated svfiware for a Personal Conputer xhey. 
In Fact, Une coll even envistun Wt situanon Whee ung could 
get software upchites nyght off of the Intemet or over-tho-ur. 


Five, it 18 possitlc (ht @ manufaciurer could sefi a 
bare 2ones hardware plutform to which third party providers 
or end users ~~ inchiding hams — could supply sofware to 
greats cuntom radio systems. Ceralnly we have seen similar 
developrnenty in the conysuler held and in other sectors uf 
the telecommunncadinnry inmbustry . 

Six, itis cyen possibic to imagine wrctio that coult mht 
its characteristics to fi the Blerference environment wml user 
needs ona more-or-iess ecul mme busis. For caumple, the 
malin Could nwxinize its use of bandwidth in dreds. white 
the spectrum i ne con while conserving bandwidth 
oF guing la mere robust modulation in arcas where 
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iWlerféreme is heavy Unid/Of propikahion omditons an 
paniculely difficule 


freed, if we can solve womne ol the difficult regulatory 
issues Involved, ir it nven posible un cavision Software 
Defined Radios as 2 .nicand of faciltuling o ncw cra of 
upaleur expenmentafion, One inoigulng possibility is that 
it CouKL erwhle hums without skills and/or interest in 
hardware construciim io build and experiment with new 
sysiems by Weling new code, Tr might also allow the repid 
sharing of new wodulalicn lechniquct and receiver deans 
throdgh clecworlit publication ollie implementing software 
Thie could simulate ¢ white new wencracion of ainateur 
mmowation thag not only includes the swe speurrally efficient 
“ysiems f mentioncd carlior, bul athe radios thal could adapt 
by their envi lonmentas woll, 


In muny ways, Software Defined Rudios represent 4 final 
merger Of the radio coMMUNIcatiOns and Computer fields, 
Viewed from that perspective, thix technological 
development cvor fis the potential of attracting buck to (he 
hobhy dome af the people who have shifted their interest to 
compuler loohnalogy, Boose of this potential to ailvanee 
the service in Cunihirvental ways, | would unge armuleur 
gritupes (i particupule actively in our progeeding. 


Concluding Thoughts 

Tel me vonelude by saying thor ] Believe that the folure 
af the anatcur service ts a bright one. It is one Where 
wehavlogical advances such ay Software Defines Rurtios 
oan enable the ham conwmunity to continue ite prrvud 
tradision of innovation While denionsirating its 
COMMILNTONE FO the eTloieot Use Of Ihe spectrum ressuarce 
Ccreinly your organizarion 0 AMRAD 0 is ina particular 
Rood POsirion tr enoodyage the ekperiientatinn that will 
feod to Such mipovallows ond ft Atrongly commend you for 
SO Mtidership efforts i that dingetioy io the past. 


Thank you Very muclt. 


TAPR Board of Directors 
Online Meeting Minutes - Quarter 1, 2000 


[The TAPR Bourd of Directors holds 4 continuvus meet- 
Ag OW a private nmiling list This ts a summary of the 
dixcusxioas in that fortim_) 


TAPR Secretary 
Due 0 the lack af meeting minutes from the last several 
Bourd meelings 2 motion was made to remove Steve 
Sirvh us Secretary of TAPR. The mitiion was seconded 
und passed. Almost simultaneous ud the voting, Steve 
svomitied his formalresignatiun- Bub Hansen was elected 
as the new Secretary. 
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Member Communications 
In Onder jo improve coMioiumemions With TAPR 
members, the Bourd decided ty create the “tapr-ory” 
Maing Nst, This fist cae be used to discuss issues 
concerning the organization and ws un open forum 
between the members and che Board. th was algo decides 
to post the hyhiws on the web site. 


Group Deals 
Some discudsion was held on how Wy inidate aid 
manage group purchuses of equipment (specifically 
spread-spectrurri ruclies), 


Every group deal done has been a one of u kind type 
thing. TAPR found itself at the right pluce ot ihe night 
time. The deals We have gone looking for typeally 
havert worked wi Ne une is authorized 16 “heal” an 
these sorts of things besides the Board and olficers. 


The TAPR Boud decided fot 10 pucue 4 group 
purchase on spread-spectrum equipment because |) 
there's nu cuncensus on which product to go ufler, 2) at 
least two manufucturers approsehed in (he pust have been 
reluciant to deal with TAPR, causing u lot of effort to be 
wasted, and 3) we're not convinvet, on the basis of past 
history, sufficient nunthers Of onlers vould be generated 
to Make the effor worthwhile. We're still prepared 1 
consider something if u good deal (c.g.. discontinued 
product) can he ientified. 


Submitted July 27, 20Q). Bob Hansen, Secrewry. 


TAPR Board of Directors 
Meeting Minutes 5/18/00 


Dayton, OH 
Meeting called to order wt 19:25. 


Board Members Present: 
Greg Jones, WDSIVD, President 
John Ackermann, NSUR, Vice President 
Mel Whitten, KOPFX 
John Koster, W9DDD 
Bob Hansen, N21GDE 
Steve Bible. N7HPR 
Barry McLarnon, VE3JF 
Doug McKinney, KC3RL 
Steve Dimse, K4HG 


Not Present; 
Jim Neely, WASLHS, Treasurer 


Guests; 
Steve Suroh, NSGNJ 
Phil Karn, KA9Q 
Tom McDermou, NSEG 


Page & 


Packet Status Register 


Reports 


President 

Grey Jones officially submitted his resignation 
President of AMR. A motion was made iy offic: 
(lank Greg Tor Wis service ax President; the motion: 
seconded! andl carried fone absiention), 


Join Ackonnann will act a4 intenm 
new one ix cleeted at the anual Bow 
pce 


ident until 
meeting at 


Secretary 
Recent on-line Road discussions were reviewed. 


Treasurer 

The report concertiing the financial status of ¢ 
urgani sation way posted online priv ti) the mecting. 
fequnl waw weceptcd. 


Project Reports 

‘The lollowing projeet reports were covereil: 
HawitD 

‘This ie a project suined by Steve Bragg which provides 
amin TNC with scrollable LOD display .No Board action 
requiresl ul this polit, 
TZ 

This is O Mie weather station using Dallas 
Semiconductor |-wire senwirs. Tl appeared in the May 
2000 ixsue af Circuit Cellar magazine. A new discussion 
list (wasig) was Greytwdl fe support the kit. 
Rotor Controller 

Prototypes in prugrens, This kit is not just for satellites, 
bur dan he used fut apipligwilons such as balloon tracking. | 
SS Radio . 

This project had suffered a setback when ull the major 
components (execpt one) had been discontinued by the 
manufacturer. 


Kits and Publications 
Most of the work on the new CDs is complete; most of 
the remaining work is for the PSX CDs. 


‘The TCP/P book is stilt it progress, 
New Business 


Downlink Receiver Project 

Phil Karn presented an idea for a satellite downlink 
receiver project. A motion was made to support Phil on 
this project und the mothon was approved. 


Mecting was sdjourncd at 20:45, 
Submitted July 27, 2000, Bob Hansen, Secretary. 
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Correlation for Direct Sequence Spread Spectrum-The design of a 
simple data extraction circuit, using serial acquisition in conjunction 
with a Delay—Lock tracking loop. 


Panagiotis Gavalas. 


Correspondesice: Manayionis Gavalas, e-mail: kink) Math fiw thives 9 
A. .pal file of this paper can fe rouridved ae hige//wircless ne Pam DSSS 


Keywords; Direct Seyunnge Spread Spectrum. Correlation, Acquisitiun, Delay-Lock Looy, De- 
spreading. 


Introduction 


Sprevd Speerrum systems have become very “trendy toys’ in the areas of radio 
engineers and cathusiasts. Not only they provide privucy to the user, as an extend the 
ingenious channel cncoding techniques involved make such systems yery challenging 
for communications engineers and radio enthusiasts. Direct Sequence systems are the 
most preferred as they are the casiest to play with. 


Sadly. among the articlés and texthogks written on Spread Spectrum there arc not 
many examples provided to the arnuleur rudio enthusivsts, The concepts behind SS 
applications tend to be rather difficult io grasp and thus put the radio enthusiast in a 
very difficull position interns of understanding and designing of such a system. 


AS an extend, some already availible examples demand the use of complicated 
circuitry and expensive TCs, Thus, amatcur ridio enthusiasts arc put in the risk of 
loosing vahewble time and money in cuse of failure or possible damage of expensive 
componcnis due to the idiosyncrasies of such ICs, Thus an casy and cheap solution is 
necessary. 


This article is written in order to explain the concept of correlation in the simplest 
possible way to the amuteur radio enthusiast and thus provide a simple solution 
canceming the heart of the system, Le. the circuit that performs the de-spreading. It 
could be used as reference of a ianual and the circuit described has the potential to be 
adjusied to any Direct Sequence SS system used for digital data transmition. 


Demodulation and de-spreading for DS SS systems 


At this carly stage, the best way to understanil correlation strictly speaking in terms of 
DS is to visualise the DS SS sgnul as a digital data stream) with two types of 
modulation imposed onto it. At the transmitting sido (he following two actions are 
necessary. 


© Spreading modulation. which ‘spreads’ the digial signal. I is used for 
channel coding purposes. 

e RF mexlulation, which is the conventional part of modulatumn used for 
Iransmtion. 
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Consequently at the receiving side of the system the exact opposite actions will have 
to be taken, in order to recover the darn. 


© RF demodulation, which ‘cleans up” the spread signal from the radio 
frequency used for iransmition. What is left afier this action is the digital 
data stream ‘carrying’ the spreading code onte 1, 

® Demodulation of the spreading code, This is by far the trickiest part of the 
task and it is the ultimate recovery stage of the recciving system. It gives 
back the spread wr ‘hidden’ data stream for the next stages of digital signal 
processing. 


This article is solely concerned with the second stage of demodulation described 
above for DS SS systems. It is assumed thal a sprending code cycle is used for each 
data bit. 


This is exactly where (he concept of correlation jumps in, The receiver must generate 
a replica of the exact same code used at the transmitter and modulo-2 aid it (which is 
an equivalent mathemutical operation to the XOK logic eperation) with the received 
code signal. At this stage the received code signal is the code itself, either inverted or 
nol corresponding 1 data bits ‘Ll’ or ‘O' being received respectively. This is shown 
below, tn Figure f. [1] 


Sir ie re 
Localy generated Spreading Code >) > | l 
STING, ese Doak T. 


Rearved code anal 


po pe elle 
Locally generated Spreainng Code =) > — —. ce 
=) Mr paar 


Reneved code squat 


Figure | - Duta De-Spreading in DS SS 


Correlation versus time offset effects 


A definition for correlation in DS SS should be given initially: “Correlation is the 
fundamental process for DS SS systems and is the action of meusuring the similarity 
of the locally generated code, with the reccived code signal.” The aim of this action as 
explained above is the completion of the digital data recovery. 


In the previous paragraph it was assumed that the locally generated code and the 


received code signal were perfectly time-aligned. This case slightly departs from what 
the engineer will face in reality. 
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Due w uncerluinties in the distance between the transmitter and the reeciver. which 
may Vary depending on how fur the user may want lo (cunsmit or how far can the 
system transmit, propagation delays arc caused. In addition to this, relative clock 
instabilitics between the transmilier and the receiver spreading code generators will 
result into phase differences hetween the locally generated code and the received! cade 
signal, Note that it is assumed thal the receiver and the transmitter spreading coxle 
generators are not synchronised with eachother. 


Thus, it is almost a certainty that when the signal will be received the locally 
gencrated code and the recetvel code signal will not be in perfect tine alignment, 
‘This is iustrated below in Figure 2, Ata random time instant the locally generated 
code and the received code signal ure modulo-2 added, ic. XORed. Data cannot he 
recovered, as the two correlated signuls ure not time aligned. 


Lotaly generated Spreading Code. 


Aptssiiy & > 
Bh whe por Psy Lop te Datatit cametbe extracted 


Recieved code sqnal 


>> nnn 


Figure 2 - Despreading without the locally generated code being thine aligned 
with the received cade signal. 


Matherrtutivally, considering the kicully generated code as a time varying function ffs) 
and the received code signa) as g(7), correlation is defined with the integral below: 


w(O=f_T(og(oa 


Consider the case were a data bit "0" was transmitted. This effectively means that a 
non-inveried code cycle was received. The receiver will now have to time align the 
received caxle with the locally generated code. Thus mathematically the reecived code 
signal can now be re-expressed as a time shifted version of the spreading code. 
Therefore: y(tj=/ii-t), and the correlation Integral can be expressed as; 


w= [~ f(r) fit-r)dt 


Where Tis the time shift 
This is the auto-correlation integral. Due 1) the properties of a well behaved maximal 


length code like the one that was useil for the circuit described later, the correlation 
intevral gives the triangle function as presented below in Figure 3. 


Summer 2000 - Issue #79 Packet Status Register Page 11 


Te = tke = Petwi of code clock 


. ' 
Jl alrins= 
Received Code Signal ! 


Figure 3 - The autocorrelation function of a maximal length code 


The generation of this resulting wiangle can be visualised by imagining the received 
code signal sliding past the locally gencrated code in search for perfect time 
aligimnent. In terms of mathematics the integral simply symbolises the area generated 
under the product of the reccived cosle signal and the locally generated code as one 
slides past the other. Due to the properties of maximal length codes any product out of 
the region where the {wo correlated’ signals are one chip apart will be negligible 
compared with the products within the time region of one chip separation, Maximum 
Oulput occurs for Zero time shift. Le. for t=0, or otherwise perfect time alignment. 


The usc of maximal length codes is strongly recommended as their correlation 
integral produces a single triangle making de-spreading wn casict task. 


If a data bit '1" was transmitter then the case is quite similar except for the fact that 
the correlation triangle would appear with ‘pointing’ downwards. [1] 


Acquisition 


This section deals with the ideas and considerations of how to bring the locally 
generated code and the received code signal into perfect time-alignmnent. This process 
is known as acquisitiyn, 


‘The device designed to perfom acquisition must be able fo produce a voltage outpul 
proportionil to the similanty between the two correlated signals. This voltage then, 
will have to be compared with a threshold, set to statistically decide whether the two 
signals ure perfectly time aligned or not. If they ure not perfectly time aligned, the 
acquisition cincuit must then decide to perform a systematic scarch through the time 
and phase uncertainty region between the two signals and thus find the exact lime 
instant when the Lwo signals are perfectly tine aligned. 


Acquisition can be performed serially of in purullel: The cheapest solution is provided 
by a seria! search, which js the technique used for the circuit thar will be described 
hirer, LJ 


Page 12 Packet Status Register Summer 2000 - |ssuc #79 


The frequency uncertainty problem 


Suppose that perfcet time-alignment, between the lucally ecnerated cade and the 
received code signal has been accomplished. One could say it is obvious that data 
cotild be extructed from that point. This is nor the real cuse. 


Duc t minimal, but noc negligible relative frequency offsets between the receiver's 
clock and the transmitters clock the received code signal will arrive al u slight 
different frequency compared to the locally generated code. As a consequence, when 
synchrormisation has been achieved the nwo signals will iry to drift apart from cach 
other resulting loss of synchronisation. Again, itis assumed that the receiver's and the 
trunsmitter’s code generators are not synchronised with respect is each other. 


This is another problem that the designer must overcome, It is of major importance to 
maintain synchronisation. The idea is to lorce the receiver's code clock &) run at the 
sume frequency as the received code signal. This is uchieved by means of feedback 
loops and the process is called tracking. 


‘Tracking is used in conjunction with acquisition must be initiated mght after 
synchronisation has boon achieved. [1] 


Tracking methods 


The two methods used ure the delay lock loop and the tau dither loop, The delay lock 
loop is presented in Figure 4 below, The received code signal is split into three 
different channels and is mixed with three replicas of the spreading code. Two of the 
replicus have the same time offset with respect to the third. One is advanced by a 
fraction of onc chip time duration wel te other is retarded by the same fraction of one 
chip time duration. 


Figure 4 - The Delay Lock loop for DS spread spectrum signals 


These two replicas are used for the delay lock loop whereas the third is used at a 
separate channel to perform acquisition. Thus the names “early” and ‘late’, with 
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respect to the ‘on-time’ cine, Due tw the fact thal both of the codes have the same 
lime offset with respect ty the on-lime channel, when perfect time alignment is 
achieved at the on-time channel, thei¢ mixing stage outputs are made equal with the 
aid of absolute valuc circuits independent of Whether a data bit ‘I’ or *O" was 
recovered. Thus solely the degree of matching is converted jo DC levels, 


As the received code signal and the locally generated code tend to dal upart from 
each other, the absolute value qutputs will differ. ‘heir difference is used uy steer the 
Voltage control crystal oscillator (VCXO) that drives the cenle generator. Thus the 
locully gencrated cuxde can be forced to catch up in frequency with the received code 
signal, Consequently perfect time alignment between the locally generated code and 
the reecived code signul is maintained and dota cun be continuously extracted. 


The tau dither loop docs not provide the engineer with the same Mexibility in terms of 
Mleering as the delay lock loop ane will not be caumined. (1) 


The de-spreading circuit's block diagram 


This ciccuit wax designed for a DS SS syste with a digital data stream at 96D0 kbps. 
A maxinial length code of 235 chips was use. 


‘The receiveil code signal is split inte three channels. one performing serial sliding 
acquisition and data oxtractiin, while the ther nwo are used for the delay lock loop as 
presented in Figure 5. 


In an carlicr part Of this report the de-spreading concep! was explained with the aid of 
XOR gates for sumplicity, Double bulanced mixers substitute the XOR gates for this 
application. The dowble balanced miners are codfigured jn such a Way to give output 
yoltage urnpliiudes corresponding to the degree of matching between the reccived 
code signal und the locally generaigd code. 


It is recommended that, ihe two code replicas used for tracking, should be separated 
by a half chip with respect to the on-time code, This will be explained in the next 
paragraph. For this particular application the codes were stored in un EPROM 
(Erisable Programmable Read Only Menwry)- 


Initially the VCXO ix switched to a certain input tuning voltage and lence the locally 
generated code is clocked at a smaller frequency compured to the clock frequency of 
the transmitter, This cffectively provides serial sliding acguixition. Thus the locally 
generated code will ‘see’ the received code signal slide pust i, al a relatively higher 
frequency, ‘Thus, a scan through the total tine dnil phase uncertainty region is 
achicved until the two signals ure perfectly time aligned. 


At the acquisition channel, two oulputs were taken from the DRM. One is uscd for 
data extraction Whereas the other is uscd to indicate, whether synchronisation has 
been achieved or nvt and thus turn the delay Jock loop nn. 
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~ 
Received Code | 
' Signal - 3 feméeqqaicen Gerad 


ee —_——ss Seen ~~ moe 


Threshold 


ee ee ee | 


fm thee Code - 


Figure 5 — De-spreailiny circuit block diagram 


Both of the outputs of the DBM are low pass filtered to get rid of the unwanted noise 
delivered to the de-spreading cifcuil together with the received cide signal after the 
RF deinidulation stigo, The second outpat after low pass fiherimy is amplified in 
order to provide hurger voltage levels corresponding to the degree of matching, Here, 
the aim is to provide a de indication corresponding &) how well (he wo signals are 
time aligned with respect to each other, 


The output of the DBM used to provide an indication whelher synchromsation has 
been tichieved or not, gives tts highest possible output voltage value when the locally 
generited code is pértectly time aligned with the received code signal being the code 
inverted corresponding to a lata bit “1° wansmitted. The kowest possible voltge value 
is outpul When the locally generated code is synchronised with the received code 
signal being the code non-inveried corresponding ii duit bits “O° transmitted. 
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Consequently two different voltave levels comespond to the same'degree of matching 
between tie locully wencrued code and the received code signal, The circuit has to be 
able to identify both of these cases as the same in onder to provide am indication 
Whether syrichronisaion has been achieved or not. independent of the bit that was 
initially cransmitte!, Thus an absolute valve circuit is used. and for both of the cases 
described obuye the same yoltage levels were output. corresponding to the same 
degree of niaiching, independent of the transmined bit 


This voltage leve} ix hen compared with a threshold voltage in order Ww provide an 
indication whétier synchronisation has been achieved ar pot. At the gine instant 
where synchronisation was achieved the threshold was exceeded and the output of the 
Compuirator swhiched to is maximum, The output of the comparator is then converted 
Ki) logic levels and hence when synchronisation is achieved she iuning voltage of the 
VCXO, ts switched from! the une thal was providing the frequency offset resulting to 
sliding acquisition. ta Ure outpu of the delay lock kayp. The VCXO is tuned to run at 
the same frequency of the teansmilicrs code generator frequency when no crror Signal 
is delivered front the delay luck loop. By this switching openutwun the dclay lock 
loop’s operation 16 initiate! 


‘The exact same tactics are used at the other two channels, the early und lie channel, 
in terms Of mining the lwo signals and the conversion of the degree of matching to 
voltave levels. Thus low pass filtering. amplification and ubsoluic value circuits are 
used for the reusuns explained above. 


To maintain synchronisition the outputs of the absolute value circuits ure summed in 
u difference umplifice and their difference generates un error veluige with the aid of an 
iMtegrator to steer the VCXO. forcing it 10 catch up with the received code’s 
frequency. ‘The integrater’s cutpul is proporiianel to the integral of the output of the 
difference amplifier, resulting frequency changes to the VCXO proportional to the 
rate the wo signals ure drifting apart from cach orber. ‘Thus contiguous data ¢xtraction 
is eNievenl [1] 


Half chip separation of the early and late with respect to the on time code 


This part presents a simple cxplanation why a half chip separation should be preferred 
for the late and carly spreading codes with respect to the on rime code. Note that here 
the XOR de-spreading concept is employed again. Figure 6. 


ee ee 


Suppose that thé received code signal and the Jocally peneratéd code are 
synchronised. At this cerlain time instant dug to the helf chip sepanuion, the outputs 
of the XOR gates ut the carly und late channel ae exactly the same, If they are both 
integrated. then the outputs of the integrators will be yohuge levels proportional to the 
arcas under the outputs of the XOR gates. (ic. the imegral of the XOR outputs.) 


Supposing that ai this time instant (he locally genenited cade is driven hy the VCXO 
ata higher frequency compared to the frequency of the received code. The outputs of 
the XOR gates will differ as presented in Figure 6, 
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Early and late channel outpuls when the Rx is clocking tle code at a 
higher frequency comipured with the received Sgnal frequency. 
Received code ssgnal 
Early code 
Late code 


Figure 6 ~The effect of 4 half chip separation hetween the early and late codes 
wiih respect lo the on time codé as the (wo signals drift apart from each other. 


As a result the integrators will deliver differen! voltages at their outputs, as Uie drew 
under the outputs of the XOR gates is different. 


But it is the rate of change between the outpuis of the integrators. which causes the 
VCXO to catch up with the received cule signal's frequency. The smaller the tine 
distance between the early and Tate cudes with respect to the on-time code the larger 
the rare of change at the output of the difference amplifier, [1] 
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Detailed analysis of the de-spreading circuit 


MC 1496 agave DBMs were used. An alfemative version of the product detector (refer 
to MC 1496 datasheet) circuit was used, und is presented in Figure 7. Both uf the on- 
time channel DBM outputs were nsed (US), The 47kQ2 pot's wiper must be centered 
to climinate the presence of the spreading cole on top of the dat stream. when the 
two signals are synchronise. At pin 6 when the locally genemtcd code was 
synchronised with the received code non-invertcd the oulput was at 64V. For 
synchronisation with the received code heing inverted dhe cuiput was ac ¥.8V. Pin 12 
was the complement of pin 6- 


Both of the outputs where then low pass Nltered! by first order RC Mers. The output 
from pin 6 was then scaled by a 2.2V zener diode down from 4.2V up to 7.0V for 
synchronisation wehicved between the locally genenucd code and a ntin-inverted or 
inverted received code respectively. After law puss Altering on ainplifier was uscd 
(U4) with onc input referred to ground and ihe second to a voltage divider giving not 
only the ability to ainplify the signal bur alsu m set a SV imid-line between the 
Maximum and mininunt outpurs which were from ZV up to 8V. This trick gave the 
shility 10 the full wave reciifier (USQUG. ie. the absolute value circuit) io output 
Wiltages corresponding solely to the degree of muiching between che iw signals. 
Thus the output of the rectifier was made indepemdent, whether a date bits “0” or “1 
where de-spread. ‘The duiput of the rectifier was from SV to SY. 


After low pass lilteritig again the rectified signal was compared with a aed threshold 
voltage at apprusinmtely 6.5V halfway between FV and SV (UT) Due to the nature of 
the codé used for this system the degree of matching is always Mminintial for every shift 
pos}iGn except for the region were the cormetation irangic is generate. This is mainly 
We reason why » woll-bDehaved miarimal length code should be used. Thus the voltage 
amplitude at the ourpuy of the recofict was always very sinall (about §.1V) and the 
largest possible (about 8V) was rupidly outpul wien the Iwi signals whore perfectly 
time aligned. Thus 2 direslushl decision at G.5V was a gurd one The output of the 
comparator (U7) was from iSV 10 8,3V, indicating syachruntsation at 85V, 


This output was then scaled dawn from 15V to 4.0V by a regulator, which is 
effectively a resistur cunnected with a 3.9V zener dinde to ground. These voltage 
levels were then converted to logic with Schenil iriguer inverters twice, The first 
Sehanitt trigwer inverter (U17) gave a high oulpul while the cirewit was frying to 
acquire the signal wad a low output when syncheonisatian was achieved. The other 
Schenit inger invertcr (U19) gave the opposite voltage levels under the same 
conditions. 


Pin (2 output of the DBM was used for dacs extraction. After low pass filtering again 
the vulpot was compared With u Hxed voltage sct we 8.1, right or the middle between 
the mintnum and mukiowim output voltages. ‘The output of the comparator (U8) was 
scale] down and reputed us above, conyested to logic using a Schmitt tigger 
voverter (U8) and how puss Mlicred. 


This inverter's (U 18) output, was cifectively the data when the locafly generated code 
was synchronised with the received code. The output of the second inverter (1719) 
described above was then input to aa AND gute (U21) together with the dai. By this 
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auction the data was passed to the audio side of the system only when synchronisation 
wus achieved. 


For this particular application a 9.8304MIlIz crystal was used at the VCXO. The 
frequency of the VCXO was divided by two using a D-type flip-flop. By slowly 
adjusting the trimmer capacitor, (he output of the flip-flop was tuned at 4.9152 MHz, 
which was the transmitter’s code generator frequency, for SV input tuning voltage. A 
5V voltage corresponds to no error voltage delivered to the VCXO by the delay lock 
loop. See Graph 1. 


4.9183 — 


4.91525 - 


4.9152 - 


4.91515 - 


VCXO Frequency (GHz) 


4.9151 


0 1 2 3 4 5 - 7 8 5 10 
Tuning Voltage (Y) 


Graph 1} - The VCXO frequency vs. the tuning voltage (after the /2 stage) 


‘The VCXO was initially given u slight frejuency offset providing the sliding of the 
received code against the receiver's locully generated code, This. was achieved by 
pulling the tuning voltage of the VCXO dowe to 24V by using the first inverter’s 
output (LI17) to turd the transistor on, This froyucney offset, of about 50Hz, provided 
the ahtlity to the circuit in slike u complete cycle of the received code against the 
locally genecaied code at approximately 4 soconds. Thus the maximum ome, to run a 
complete scan through the (om! time urtcertainty region time, perfectly time align the 
two signals and thus extract the data was about 4 seconds. 


When synchronisation was achieved, the inverters output was turned down to OV and 
thus the transistor switched off. Hence the VCXO tuning voltage was then fed by the 
delay lock loop. This is effectively how the circuit switched from acquisition to 
tracking mode. 
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The same DRMs amplifiers and rectificrs were used for the carly and Jate channels, 
Rath of the outputs of the fall wave rectificrs of the late and carly channel ate passed 
ints a difference amplifier (U16) and an inicersior (U)8), Ar the difference amplificr 
a 1MQ variable resigior in genes wilh 2 IRQ resister was used in order lo vary the 
anplifier’s gain. Consequently, the rate of change of the error yolluge was nade 
yanable. Thus the VCXO was forced w catch up with the received code signal's 
frequency at a faster rate ond stability of the delay lock loop was improved. 


Tits could be used as an example. Any crystal could be used and the frequency offset 
can bé easily adjusted by playing with the tinier capacitor, Filtering may also 
change depending on the application. [7] 


Results and recommendations 


The circuit was able to ro-construct the data. Exhaustive tesis where caried wut with 
the circuit's carly late and on time channels comstructed on printed circuit board while 
the VCXO and the code genehilor were sill un breadbdands. Initially the circuit did 
manage to lock and extract (he data even with 6OUBs of attenuation. In order to test 
the circuit's ability to recover dula under the werst signal conditions the artonuation 
Was s¢t to exceed 60dB and the LNB was sot not facing the transmitter, The ciscpit 
did not manage fo oxtract data wnder these conditions. 


In reality, for a DS spread spectrum system thal is to be tested id environmental 
conditions, this would tum out to be # problem thal mus! be overcome. 


In terms of circuitry the first and obvious thing to do is io use improved low pass 
filtering at the outputs of the DBMS. A filter with a sharper 3dB frequency is required. 
Thus it would be wiser to use an active low pass filter of a higher onler. Active low 
pass filters use op-amps and thes the designer should take the frequency response of 
the op-amp itself into account. As a solution. a ‘Sallen and Key’ second order low pass 
filter is shown below with a 3UB frequency of around 4.650kHz (Corresponding to 
9.7kbps). It is assumed that the 3dB frequency is in the frequency range of the op- 
amp. Higher order filters can be used, providing sharper 3dB frequen¢tes but a second 
order filter should be enough. The capacilor’s and resistor values should be selected 
depending on the application. 


f. 
°F 2nVRURI+R3)C1C2 


Rt: B2-65%_ RIK. CLOD Ai 


igure 8 - Proposed ‘Sallen & Key’ second order active low pass Filter 
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As a sevond priority. a smather atquisition thine mist be proviilest. The acquisition 
tine of the circuit presented jn Figure 7 was about 4 seconds. Tlic is u problem when 
the user is irying to align the poociver With the tansiitter for ling of sight uninemition. 
Thos rapid vcquisition ts essential In order to vchiéve this, a krger frequency offset 
shotiid be provided, But first it must be ensured that the Irecuency offset is within the 
delay lock loup's capture rungs, For the circuit configuration presented in Figure 7. 
the SOH2 lrequency offset was the maximum within the koop’s capture range and it 
wis Worked cut using a tral ark) error approach. 


By substiiting the 22pF capacitor between the 470k02 resistor and thie 0.83504MH2z 
crystal, with # lneger capucinir the VCXO's frequency deviation for rarige of tuning 
voltages from OV to IOV will be larger. Por the 22pF capacitor the frequency 
deviation wis about §75117. ft was found that for i S3pF capactior the devidhon was 
225) Ly wnt for a SOpF capacitor 260H2 Fur every capacitor used it was cnsured that 
a tuning voltage of SV corresponded ti shin 4.9152MIle, (Le. the trensinitier code 
yenenttor’s frequency). This was atermplished by atljanmg the $5-G5pF iimmicr 
cupacitor, r 


In order ty keep the desired Yrequene’y offset Willin the lonp's capture range, ihe time 
constant of the [kQ ftesistar unil 22pF capacitive RC circuit, connected from the 
collector af ihe transistor co ern, must be mnule saaller, By reducing the time 
constant of the RC circuit the VOXO will switch from its scquisition mode u tracking 
mode Ruvter. Thus by trial and error again the right resisior and capacitor values can 
he Werke! out and consequently the ucquisition tine can be minsmised, 


With the Current cifcult configuration, when the trartsmitiod signal 1s corruyted, or lost 
for a short time period, the cireqit will switch buck to acquisition mode frm tracking 
mide until the data is de-spréad again. Extra circuitry could be added in sinder to keep 
the circuly on travking mode for a Short time penod, before switching back to 
WCQUIstiON tthe When the signal (6 lost. Thus af the ost signal appear again within 
this timte period the circuit will Not have to ry uml de-spread the data again. Such an 
idea will involve complicated circuitry and it may not be necessary if the acquisition 
time was made quile small (i.c. a fraction of a second). When the signal is lost, the 
circuit may switch back to acquisition mxle, but when the signal appears at the 
receiver again the acquisition time will be quite small and data will be extracted again 
rapidly. [1] 
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